The effects of natural zeolite on the rheological and workability properties of the grout mixtures were studied. Setting times of grouts were also determined as part of the experimental study. For comparison, grout mixtures were also prepared with a commercially available viscosity modifying admixture (VMA). The experimental results show that addition of natural zeolite modifies both the rheological and workability properties of grouts. For a constant superplasticizer (SP) content, an increase in the zeolite amount significantly increases the yield stress, the apparent and plastic viscosity, and reduces the fluidity and deformability. Moreover, an increase in the amount of SP causes a significant reduction in both the yield stress and plastic viscosity of the grouts. It was also observed that, grouts prepared with natural zeolite addition have a pseudo-plastic behavior, and shear-thinning behavior increases with an increase in the zeolite amount. Therefore, it has been shown that using natural zeolite as a VMA it is possible to obtain grouts that have satisfactory rheological properties, especially if natural zeolite is used in combination with a superplasticizer.
Introduction
The pumpability and ability of grouts to penetrate voids and cracks are strongly dependent on their rheological properties. This is important in diverse grouting applications including ground treatment, repair of concrete, reduction of rock or soil permeability, environmental remediation, post-tensioning of concrete, rock anchors, sealing radioactive waste repositories, and well completion [1] [2] [3] [4] [5] [6] .
Chemical admixtures and mineral additives are often used to improve rheological, fresh, and durability properties of grouts. Chemical admixtures mainly affect the rheological properties of the cementbased grouts without altering the grouts composition. For example, grouts containing viscosity modifying admixtures (VMA) are used for filling post-tensioning ducts, where it is important to ensure high resistance to sedimentation and bleeding, hence ensuring corrosion protection of stressed tendons [1] . On the other hand, mineral additives affect both the rheological and hardened properties of grouts by altering its composition. Cement-based grouts with various mineral additives like bentonite, silica fume, fly ash, etc. have been used in modern practice for various grouting applications [2] [3] [4] [5] [6] .
VMAs are relatively new chemical admixtures which are used to enhance the cohesion and stability of grouts [7] [8] [9] [10] [11] [12] [13] [14] [15] . Use of VMA increases the yield stress and plastic viscosity of cement-based grouts, thus necessitating an increase in water/binder ratio or superplasticiser dosage to insure a low yield stress necessary for proper penetrability, spread, and controlled sedimentation. Cement-based mixtures containing VMA exhibit shear-thinning behavior whereby apparent viscosity decreases with an increase in shear rate [7, 8, 13] . Such mixtures (paste, grout, mortar or concrete) are typically thixotropic, where the viscosity buildup is accelerated due to the association and entanglement of polymer chains of the VMA at a low shear rate that can further inhibit flow and increase viscosity. Commonly used VMAs in cement-based materials include polysaccharides of microbial sources such as Welan Gum or starch sources, cellulose derivatives and acrylic-based polymers [7] . The mode of action of VMA generally depends on the type and concentration of the polymer in use. For example, Welan Gum increases the viscosity of mixing water since long-chain polymer molecules adhere to the periphery of water molecules, thus imbibing and fixing part of the mixing water. Molecules in adjacent polymer chains can also intertwine and develop attractive forces, thus further blocking the motion of free water and causing it to gel and display increased viscosity of the grout [7, 8] .
One of the disadvantages of cement-based grouts with VMAs is the cost, associated with the use of chemical admixtures (such as superplasticizers) and use of high volumes of Portland cement in the production of grouts. One alternative to reduce the cost of cementbased grouts is the use of mineral additives such as limestone powder, natural pozzolans, slag and fly ash, which are finely divided materials added to the cement-based material as separate ingredients either before or during mixing [16] . It is also known that some mineral additives, such as fly ash, may increase not only the workability but also the durability and long-term properties of grout [15] . Therefore, use of mineral additives in grouts will not only decrease the cost but also increase the workability and the long-term performance thus leading to a tri-fold benefit.
Zeolites are crystalline aluminosilicates having a three-dimensional skeletal structure based on repeated units of SiO 4 and AlO 4 tetrahedra [17] . Zeolitic tuffs are widely available in all over the world, which are present in low, medium, or high grade. They have unique characteristics such as high specific surface area and cation exchange capacity as well as ability to store heat between hydration and dehydration cycles [18] . Owing to their attractive characteristics, natural and artificial zeolites are utilized in several industrial applications. In building industry, although zeolitic tuffs have been utilized mostly as dimension stone, recently they have used as lightweight aggregates and mineral additives for blended cements or concrete [18, 19] . Finely ground natural zeolite contains large quantities of reactive SiO 2 and Al 2 O 3 [20] . Similar to other pozzolanic materials such as silica fume and fly ash, zeolite substitution can improve the strength of concrete by the pozzolanic reaction with Ca(OH) 2 . In general, natural zeolite, like other pozzolanic materials, contributes to the strength of concrete better than the strength of cement [19] . Natural zeolite also prevents the undesirable expansion due to alkaliaggregate reaction and sulfate attack [21] . Moreover, zeolite, which is a softer material than the Portland cement clinker, increases the fineness of the ground material and reduces the grinding time [19] .
However, to the best knowledge of the authors, there is no systematic study about the rheological properties of grouts containing natural zeolites. Hence, it is important to quantify the effects of natural zeolite on the grout behavior. Rather, careful consideration should be given to the design of grout mixtures containing natural zeolite, and its effect should be experimentally verified prior to use in field application. For this reason, the main objective of this article is to assess the potential usage of natural zeolite in grouts and evaluate its effects on the rheological properties of grouts. A total of 12 grout mixtures were prepared by adding various amounts of natural zeolite ranging from 20 to 40 wt.% (by total weight of cementitious materials) at a constant water-cementitious material ratio (w/cm) of 0.60. For comparison, grouts made with various amounts of VMA (without natural zeolite) were also prepared. The mini-slump flow diameter, modified-marsh cone flow time, setting time, and a coaxial rotating cylinder rheometer were used for testing the fresh properties of grouts.
Experimental procedure

Materials and mixture proportions
A CEM I-42.5R Portland cement (PC) complying with European Standards EN 197 (similar to ASTM C150 Type-I cement) was used.
Natural zeolite (Z) was used as a mineral additive. The natural zeolite was obtained in 0.6-1.2 mm sieved sizes and then ground to mineral additive fineness using a laboratory-type grinding mill. After 55 min of grinding with 70 kg steel cylinders, 8 kg material was brought to a fineness of 8210 cm 2 /g as measured with Blaine apparatus. Chemical composition and physical properties of Portland cement and natural zeolite are presented in Table 1 . The particle size distributions of these materials, which were obtained using a laser scattering technique, are given in Fig.1 .
A polycarboxylic-ether type superplasticiser (SP) with a specific gravity of 1.08, pH of 5.7, and a solid content of 40% was used in all grout mixtures. The viscosity modifying admixture was the Welan Gum that is a high molecular weight microbial polysaccharide. The Welan Gum was supplied as a powder gum.
Mixture proportions and test procedures
As w/cm is a primary factor that would influence the fresh as well as the hardened properties of a cementitious mixture, to observe the effects of zeolite addition on a grout mixture w/cm needs to be kept constant. Therefore, initially a number of trial grout mixtures varying in w/cm are proportioned and cast to meet a sufficient fluidity and penetrability without segregation and bleeding. Fresh properties of each grout mixtures are then determined. From these trial mixtures, it was found that for the grout mixtures w/cm should be higher than 0.50 to have sufficient fluidity and penetrability and less than 0.80 to have no bleeding and segregation. As a result, a w/cm of 0.60 is selected as an optimum ratio to produce a flowable and a stable grout without sedimentation and bleeding.
In order to investigate the effect of natural zeolite and its proportion on the rheological properties of grouts, twelve grout mixtures at a constant w/cm of 0.60 are designed ( Table 2 ). The variable parameters in these mixtures were the zeolite and SP amount. The grout mixtures had a zeolite amount of 20, 30 and 40% and a SP amount of 0.25, 0.50, 0.75 and 1.00% (maximum limit recommended by the manufacturer) by weight of total cementitious material. One grout mixture (control sample) without any chemical and mineral additives was also produced for control purposes. In addition, similar grouts were also prepared with Welan Gum as a comparative test series. VMA content of 0.05, 0.10 and 0.15% by weight of cementitious material were used in these series. As shown in Table 2 , the grout mixtures are labeled such that the ingredients are identifiable from their IDs. For example, the mixture Z30-S050 contained 30% replacement of zeolite and 0.50% SP and; the mixture V015-S100 contained 0.15% VMA and 1.00% SP.
The same mixing process was used for all of the grouts. The grouts were manufactured employing a standard rotary type laboratory mixer with the following standard procedure: the chemical admixtures (SP-VMA) were mixed with water for one minute and then the cementitious materials were gradually introduced in a minute. The grout was mixed at low speed (150 rpm) for 2 min, left to rest for 30 s, and then mixed at high speed (240 rpm) for an additional four minutes. After the mixing was completed, tests were conducted on the fresh grouts to determine mini-slump flow diameter, marsh cone flow time, and setting time. Rheological measurements of all grout mixtures were carried out by using a coaxial rotating cylinder rheometer (Ares, TA Instruments, USA). All tests were repeated twice with a new batch of cement grouts and the results indicate that the tests were repetitive.
Workability (deformability and fluidity) of fresh grout mixtures were evaluated through the measurement of mini-slump flow diameter and modified-marsh cone flow time and all measurements were carried out at 7-10 min following the initial contact of cement with water. Both tests are easy to perform during field works to ensure the quality control of grouts. The mini-slump test is based on the measurement of the spread of grout placed into a cone-shaped mould. The dimensions of the mini-slump cone are proportional to that of the slump cone used for concrete (ASTM C-143) with a diameter of 38 mm at the bottom and 19 mm at the top and a height of 57 mm [22] . The modified-marsh cone test is based on measuring the time necessary for the flow of a particular volume of grout through a flow-cone. A plastic funnel with a capacity of 1500 ml and an internal orifice diameter of 11 mm was used in this experimental study. The cone was completely filled with grout and the bottom outlet is opened, allowing the grout to flow out. Marsh cone flow time of grout was the elapsed time (t) in seconds between the opening of the bottom outlet and the time for the flow of 1200 ml of grout. The marsh cone flow time of fresh grout is compared to that of water, which was 9.7 s. Moreover, the bleeding and sedimentation of fresh grout was measured following the procedure given in the ASTM C940-98. From this test, it was found that no stability problems in the form of segregation, bleeding or sedimentation were observed in any of the grout mixtures.
The apparent viscosity at different shear rates, plastic viscosity and yield stress of grouts were determined using a coaxial rotating cylinder rheometer. In coaxial cylinders, slip often occurs in the flow of grouts because of the depletion of the cement particles away from solid boundaries [23] . The yield stress measured using coaxial rheometers was largely independent of rotational speed, further suggesting the development of a slip layer [24] . In such a case, roughening the wall surface is desirable, but the extent of which depends to a great extent on the nature and size of the dispersed particles [23] . Slip effects can be enhanced by gravity for grout that shows any tendency to sediment with time [23] . In this study, the effect of slip was not considered. However, it is worth to note that all the grouts did not show any sedimentation during testing. For each grout mixture, the measurements were carried out by varying progressively the shear rate from 25 to 500 s − 1 . In order to evaluate the shear-thinning behavior of the grouts, the apparent viscosity of grouts as a function of the shear rate was also calculated. The flow curve was recorded for both the ascending and descending legs of the shear stress-shear rate curve. A typical flow curve of a grout mixture is plotted in Fig. 2 . The top-curve (solid line in Fig. 2 ) corresponds to the undisturbed state of the grout where shear stress measurements were obtained by increasing the shear rate (ascending curve). The descending shear stress-shear rate curve (dashed line in Fig. 2 ) was obtained in a similar manner reflecting the rheological behavior of the grout following a given shear history. The experimental shear stresses considered in this investigation were taken from the ascending curve.
Various analytical models have been proposed to estimate the rheological parameters of cement-based grouts. Among these, the Bingham model (τ = τ 0 + μ p γ) is commonly accepted as representing the rheological behavior of cement-based grouts [25] . Yield stress (τ 0 ) and plastic viscosity (μ p ) can be easily calculated from the flow curve (shear stress vs. shear rate). However, for highly pseudo-plastic grout mixture, the yield stress estimated by using the Bingham model is often higher than the true yield stress ( Fig. 3 ). For this reason, in this experimental study the values of yield stress and plastic viscosity are obtained from the modified Bingham model ( Fig. 3 , second order polynomial equation), which is described by the following equation [25] :
where s = shear stress (Pa), τ 0 = yield stress (Pa), μ p = plastic viscosity (Pa s), γ̇= shear rate (s − 1 ) and c = constant. The modified Bingham model ensures a better fit than the traditional Bingham model for the same data [8] . Table 2 presents the workability properties (mini-slump flow diameter and marsh cone flow time) and final setting time of all grout mixtures. On the other hand, Table 3 presents the rheological properties expressed as the yield stress and plastic viscosity of all the grout mixtures. The coefficients of correlation (R 2 ) of the modified Bingham model are also included in that table.
Results and discussions
Workability properties
The workability properties (deformability and fluidity) of all grouts are summarized in Fig. 4 . As seen from Fig. 4 -a, regardless of the concentration of VMA, an increase in the SP content increases the mini-slump flow diameter and reduces the marsh cone flow time. On the other hand, for a given SP dosage, an increase in the VMA content slightly reduces the mini-slump flow diameter and increases the marsh cone flow time due to the water retention by VMA. When the grout mixtures with natural zeolite addition are examined ( Fig. 4-b) , it can be seen that the mixtures containing natural zeolite especially at low SP content (SP ≤ 0.5%) showed less fluidity and deformability when compared with the grout mixtures made with various concentration of VMA. Moreover, increased amounts of natural zeolite significantly diminished the workability characteristics of the grout mixtures especially at lower SP contents. The reason of the reduction in the flowability and deformability of grout mixtures when cement is replaced with zeolite is attributed to the higher water retention capacity of natural zeolite. As seen from Table 1 , the natural zeolite showed 18% increase in water content (water requirement of 118% as determined in accordance with ASTM C 311) to maintain the flow of fresh mortar when 20% (by mass) Portland cement is replaced by the zeolite. When the Blaine surface area of the zeolite and PC in Table 1 is compared, despite their similar particle size distributions as obtained from the laser scattering technique (Fig. 1 ), zeolite has significantly higher surface area (8210 cm 2 /g) than PC (3030 cm 2 /g). High surface area of zeolites results from the presence of a system of voids and channels in their crystal structure [17] , which lead to adsorption of the more free mixing water. Another possible explanation is such that, a partial replacement of cement by natural zeolite at constant total weight of cementitious materials results in higher volume of paste due to its lower density (see Table 1 ) and this increase in the paste volume (for a constant water content) increases the plasticity and cohesiveness, and thus leads to reduce workability, especially fluidity of grout [16, 26, 27] . Fortunately, as seen from Fig. 4 -b, the increase in the dosage of SP in grouts containing zeolite significantly changes the deformability and fluidity of the grout. Therefore by adjusting the SP content in the grout mixtures made with the addition of zeolite, the deformability and fluidity properties can easily be optimized.
Rheological properties
The apparent viscosities of the grout mixtures at various shear rates are summarized in Table 4 for both the VMA and zeolite addition. Typical variation of apparent viscosities with shear rate for grouts with various VMA and zeolite content at constant SP content (1.00%) is shown in Fig. 5 -a. As seen from Table 4 , the apparent viscosity decreases with an increase of shear rate for all the grout mixtures. As seen from Fig. 5 -a, the higher reduction in the apparent viscosity of the grout mixtures containing VMA for a given range of shear rate indicates that the degree of pseudo-plasticity of grout increases with an increase in the amount of VMA. The increased pseudo-plasticity response in the presence of VMA is attributed to the entanglement and intertwining of VMA polymer chains at low shear rates and association of water between adjacent chains [7] . However, with an increase in shear rate, the entangled chains dislodge and align in the direction of the flow, thus decreasing the resistance of the grout to undergo deformation. The apparent viscosity is then decreased at higher shear rates.
Grout mixtures containing natural zeolite exhibit significant shearthinning behavior whereby apparent viscosity decreases with increasing shear rate ( Fig. 5-b ). Such mixtures are typically thixotropic where the viscosity buildup is accelerated at a low shear rate that can further inhibit flow and increase viscosity. For the same dosage of SP and at a lower shear stress, the use of natural zeolite on the order of 30-40% (by weight) results in a greater apparent viscosity than that of grout mixtures prepared with VMA on the order of 0.10-0.15% (by weight). As stated in Section 3.1, the addition of natural zeolite increases the water demand, and increased pseudo-plasticity response in the presence of natural zeolite may be due to the high water retention capacity of natural zeolite, which increases the agglomeration of particles. Grout is a concentrated suspension composed of cementitious material particles (cement + natural zeolite) suspended in water and mixing breaks down the flocculent structure responsible for thixotropic behavior of grout [28] . Thus, a highly thixotropic behavior grout mixture with natural zeolite is a result of combination of reversible coagulation, dispersion and then re-coagulation of the natural zeolite particles [29] .
Another reason of increased pseudo-plasticity response in the presence of zeolite compared to similar mixtures without zeolite may also be attributed to the fact that zeolite could physically adsorb moisture owing to its high water adsorption capacity due to its large surface area and large number of micro-passages and cavities in the zeolite crystal structure [30] . Weakly bonded water in the structure of natural zeolite may not be released at lower shear stresses. However, with an increase in the shear rate, it might be possible that weakly bonded water will migrate from the structure of zeolite and increase the amount of free water in the system. Then, the apparent viscosity is significantly decreased for the grout mixtures with zeolite at higher shear rates. However, more experimental studies on a microstructural scale are necessary to clearly understand the mechanisms behind the increased pseudo-plasticity response in the presence of natural zeolite.
Yield stress is the stress above which the material starts to flow. Lower yield stress gives less resistance to start the flow and it is generally known that the slump property of a fresh cementitious mixture is mainly governed by its yield stress [31] . When the yield stress of a fresh cementitious mix is greater than the gravitational stress, the fresh mix is prevented from completely collapsing to the plate surface. Therefore, the penetrability of grout into voids or fissures will partially depend on the yield value. Fig. 6 -a compares the yield stress of grouts with different amounts of VMA and natural zeolite. The yield stress is increased with the increase of dosages of VMA from 0.05% to 0.15%. The yield stress is also affected by the combination of dosages of VMA and SP. As expected, at constant VMA content, the yield stress value decreases with increasing amounts of SP. It is then important to find out the proper combinations of dosages of VMA and SP to secure a stable paste with required fluidity and rheological properties. This can be achieved by testing trial mixes with various combinations of dosages of SP and VMA as illustrated in this study.
Grout mixtures with natural zeolite were also tested with different percentages of SP addition. The results for all grout mixtures with zeolite are presented in Fig. 6-b . Similar to the grout mixtures with VMA, yield stress was also raised by partial replacement with zeolite and this is due to increased surface area and flocculation. Both the yield stress and the shear stress at a given shear rate were increased with increasing zeolite addition (from 20 to 40% wt.). Fig. 6 -b also shows that the addition of SP has a strong influence on the rheology of grout mixtures with zeolite even at a relatively high w/cm of 0.60. Thus, SP can be used to take the advantage of reducing yield stress where applications call for a high-fluidity grout.
Plastic viscosity is a measure of how easily the material will flow and it controls the spreading rate of a flow, once the yield stress is exceeded. In grouts, viscosity is a dominant factor to prevent segregation which is mainly caused by inhomogeneous flow between the ingredients of the fresh mix and gravitational sedimentation.
The effects of the amount of VMA, zeolite and SP on the plastic viscosity of grouts evaluated by the coaxial rheometer are shown in Fig. 7 . As seen from Fig. 7 -a, the plastic viscosity of grouts increases with increasing of VMA content regardless of the SP content. Therefore, for any given concentration of SP, the increase in VMA content increases the viscosity of grout. The addition of SP to the grout mixtures prepared with VMA has a slight effect on the plastic viscosity of those mixtures.
Similarly, the introduction of natural zeolite results in a significant increase in the plastic viscosity of grout. The comparison between the results of decrease in plastic viscosity with the addition of SP indicates that (Fig. 7-a and b ) the addition of SP has a stronger influence on the plastic viscosity of grout mixtures prepared with zeolite even at a relatively high w/cm of 0.60. Therefore, greater concentrations of SP become necessary to reduce the plastic viscosity (or increase the fluidity) of grout mixtures especially at higher percentage of natural zeolite.
Setting time
The time required for grout mixture to achieve its initial and final sets is important, relative to its practical use in the field condition. In this part the final setting times are only discussed. Table 2 demonstrates the influence of chemical admixtures and natural zeolite on the final setting times of the grout mixtures. As seen from Table 2 , the final setting time was found to be in the range of 478 and 821 min. The final setting times of grouts got longer with an increase in VMA content. Similar observations were also made by other researchers [7, 8, 32] . The Fig. 6 . Effect of VMA-SP and zeolite-SP content on the yield stress of grouts. reason of delay in the setting time when VMA is used in the production of grout can be attributed to the adsorption of VMA polymer chains onto cement grains and interfere with the precipitation of various minerals into solutions, which can cause a retarding effect on the rate of hydration and setting [8, 32] . Moreover, the use of SP in combination with VMA significantly delayed the final setting times of grout mixtures. On the other hand, the use of natural zeolite in the production of grouts shortened the final setting time in comparison with the control mixture. The reason of reduction in the setting time of grout mixtures with natural zeolite may be attributed to the high surface area of natural zeolite particles, which lead to continuous adsorption of free water in mixtures after normal consistency condition satisfied at the beginning of the setting time measurements. Accordingly, shorter setting time values recorded for grout mixtures with natural zeolite are probably due to reduction in consistency of the mixtures rather than faster setting of the blended system. This kind of behavior, reduction in setting time, was already reported for natural pozzolan blended systems by others [16, 33, 34] . Moreover, increase in SP content slightly prolonged the setting times of grout mixtures made with zeolite. Set retarding is already a common behavior when SPs are added in cementitious systems.
Correlation between rheological and workability properties of grout
In order to provide simple and practical methods in standardizing rheological control of fresh grout, workability tests (mini-slump flow spread and marsh cone flow time) are correlated with the rheological parameters (plastic viscosity and yield stress). To identify any correlation between the rheological parameters and workability test results of grout, graphs were drawn between fresh test results of grouts and coefficients of correlation (R 2 ) between any of the two fresh tests were calculated. An R 2 of 1.00 shows that the two test results are perfectly correlated. If there is no correlation or a weak correlation, the value of R 2 approaches zero.
The slump flow diameter is known to be an estimate of the deformability of concrete which is related to the yield stress [31] . For that reason, the yield stress of grout obtained from the modified Bingham model is also well correlated with the mini-slump flow deformation of grout as illustrated in Fig. 8-a . It can be observed from Fig. 8 -a that the mini-slump flow of grout is found to increase with the decrease of the yield stress. The yield stress of the grout has shown good linear correlation with the mini-slump flow of grout, with R 2 = 0.83 ( Fig. 8-a) . Therefore, a quantitative indication of the yield stress could be obtained from the mini-slump flow deformation test. This result was expected because the grout in a mini-slump flow test will flow if the stress due to weight of the grout contained in the cone is higher than the yield stress of the grout [13] . Mini-slump test provides, however, no information on the plastic viscosity of the grout.
In the marsh cone flow test, the grout starts to flow when the yield stress is exceeded, and therefore the measured value is highly related to the viscosity. Moreover, during the Marsh cone flow test, the grout is submitted to a higher shear rate than during the mini-slump flow test that can represent what happens during grout mixing and pumping in field works. From above, this relatively simple test method of marsh cone flow time may be expected to be used in field conditions in lieu of measuring plastic viscosity of grout. However, no correlation was observed between the marsh cone flow time and the plastic viscosity (see Fig. 8-b ). Similar observations were also made by other researchers [35] . Therefore, in addition to viscosity, other factors such as friction can influence the flow of grouts [35] . Moreover, the flow time of 1200 ml of grout from the marsh cone (1500 ml) is difficult to measure, especially for the very flowable grout. Stopping the stopwatch when the 1200 ml grout flows from the marsh cone is a subjective estimation and it is an even more difficult task for the highly workable mixes. This may be the other reason for the absence of correlation between the marsh cone flow time and the plastic viscosity.
Conclusions
The addition of both natural zeolite and VMA to grouts significantly modifies its rheological properties. The yield stress, plastic viscosity and apparent viscosity increases with increasing zeolite and VMA amounts. Grouts made with natural zeolite at w/cm of 0.60 show pseudo-plastic behavior, and shear thinning increases with the increase of zeolite dosage. SP can be used to decrease both yield stress and plastic viscosity of grouts. The addition of SP generally has a more significant influence on the rheology of the mixtures with natural zeolite when compared with VMA. Therefore, natural zeolite can be successfully used in grouts if combined with SP.
Both chemical admixtures (SP and VMA) adversely affect the setting time of grouts produced with only chemical admixtures. On the other hand the use of natural zeolite in the production of grout mixtures reduces the setting times. Moreover, the addition of SP in the grout mixtures prepared with natural zeolite does not influence the setting times.
Good correlation between yield stress and mini-slump flow deformation test has been established. However, no correlation has been observed between the plastic viscosity and the workability test results of grout mixtures.
